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By Thomas C. Muse 
An i n v e s t i g a t i o n  was made i n  t h e  BACA 19-foot  p r e s -  
s u r e  wind t u n n e l  t o  de te rmine  t h e  e f f e c t  of v a r i o u s  wing- 
gun i n s t a l l a t i o n s  on t h e  aerodynamic c h a r a c t e r i s t i c s  of 
a  model w i t h  a n  NACA low-drag wing. Measurements were 
made o f  l i f t  and d r a g  over  an a n g l e - o f - a t t a c k  range  and 
f o r  s e v e r a l  v a l u e s  of dynamic p r e s s u r e  on a f o u r - t e n t h s  
s c a l e  model of  a  high-speed a i r p l a n e  equipped wi th  t h e  
low-drag wing and wi th  v a r i o u s  wing-gun i n s t a l l a t i o n s .  
Two i n s t a l l a t i o n s  were t e s t e d :  one i n  which t h e  
b l a s t  t u b e  and p a r t  of t h e  gun b a r r e l  p r o t r u d e  ahead of 
t h e  wing and  a n o t h e r  i n  which t h e  gun i s  mounted whol ly  
w i t h i n  t h e  wing. Two t y p e s  of openings  f o r  t h e  l a t t e r  
i n s t a l l a t i o n  were t e s t e d .  For eac.h i n s t a l l a t i o n  t h r e e  
s i m u l a t e d  guns were mounted i n  each wing, 
The r e s u l t s  a r e  gsven i n  t h e  form of nondimensional  
c o e f f i c i e n t s .  The i n s t a l l a t i o n s  t e s t e d  a p p e a r  t o  have 
l i t t l e  e f f e c t  on t h e  maximum-lift  c o e f f i c i e n t  of t h e  model. 
However, t h e  d r a g  c o e f f i c i e n t  shows a d e f i n i t e  change. 
The l e a s t  a d v e r s e  e f f e c t  was o b t a i n e d  w i t h  t h e  c o m p l e t e ~ y  
i n t e r n a l  mounting and small nose  entrance ' .  The r e s u l t s  
i n d i c a t e  t h a t  a  p r o p e r l y  des igned  wing-gun i n s t a l l a t i a n  
w i l l  have v e r y  l i t t l e  a d v e r s e  e ' f f ec t  on t h e  aerodynamic 
, c h a r a c t e r i s t i c s  of ' the  low-drag wing, 
INTRODUCTION 
In  t h e  l i g h t  of r e c e n t  m i l i t a r y  f i n d i n g s ,  a n  i n c r e a s e  
i n  f i r e  power of f i g h t e r - t y p e  a i r p l a n e s  i s  h i g h l y  d e s i r -  
a b l e .  The p r o c e d u r e  i n  t h e  p a s t  h a s  been t,o mount t h e  guns 
on t h e  f u s e l a g e ;  howevey, t h e  - a d d i t i o n  of s t i l l  mare guns 
 necessitate.^ t h e  mounting of .some of .%has@ guns i n  t h e  
wings becauac o f , s p a c e  L i m i t a t i o n s  i n  t h e  f u s e l @ g e .  Fur- 
ther, the.$ncregsing use of explosive projectiles requires 
that the guns be mounted outside of the propeller are in 
order to pre'yent the damage that would result from a col- 
lisio~ between a propeller blade and an ill-timed shot, 
Therefore this type of gun, firing forward, must necessari- 
ly be mounted on, or in, the wings of conventional tractor- 
propelled airplanes, 
For a minimum of disturbance to the flow about the 
wing, it is obvious that a gun mounted inside the wing 
itself and firing through an opening in the leading edge 
would give the best results. Lately, the possibilities 
of utilizing the WACA law-drag airfoil sections have cre- 
ated a great deal of interest in the effect wing-gun in- 
stallations would have on the characteristics of these 
airfoils, 
In order to supply some information quickly along 
the foregoing lines, the. present short series of tests was. I 
made to determine the effect on the model characteristics 
of two types of internal wing-gun blast tubes and one type 
of ihstallation in which the blast tube along with part of 
the gun barrel protrudes ahoad of the wing. All the tests 
were conducted on a four-tenths scale model of a current 
type of high-perf orrnance military airplane equipped with 
an NACA low-drag wing, 
MODEL AND TESTS 
B 
The model' used in these tests was a four-tenths scale 
model of a high-.speed pursuit airplane. . (See fig. 1.) 
The mbdel has .an NACA low-drag wing, small, fuselage, tail, 
and BACA cowling. In a,ddition, tho model has various sur- 
face roughnesscs Co!simulate the surface joints of the 
landing gear, canopy hatches, inspection doors, control- 
surface gaps, etc. The model with this arrangement and , . 
with the surface in a highly polished condition was used 
as the basis for comparing the various gun installations, 
and will be designated the "basic condit iontt throughout 
this paper. 
I 
In a numbar of ~nting-gun qnstallations a portion of 
the blast .tube and tho gun basre$ protrude forward from 
the leading edge of the wing. .To test $he effects of this 
method of mounting, three w~oden t$owels, designed to simu- 
late.thexprotruding parts, were inscrtod in the leading 
edge of each wing ou tboard  of t h e  f u s e l a g e  and i n  t h e  same 
r e l a t i v e  p o s i t i o n  as a c t u a l  guns on a  fu l l - sca1 .e  a i r p l a n e .  
( S e e  f i g s .  2 and 3 . )  
The t r e n d  of c u r r e n t  p r a c t i c e ,  howeveq, i s  t o  mount 
t h e  guns whol ly  w i t h i n  t h e  wing s o  t h a t  t h e  fo rward  t i p  of 
t h e  b a r r e l  i s  some d i s t a n c e  behind t h e  l e a d i n g  edge of  t h e  
wing. To t e s t  t h i s  method of i n s t a l l a t i o n ,  t h r e e  h o l e s  
were d r i l l e d  i n  each wing, as shown i n  f i g u r e  4 ,  t o  simu- 
l a t e  t h e  i n t e r n a l  b l a s t - t u b e  system. Two of  t h e s e  h o l e s  
connec ted  w i t h  t h e  t h i r d  which i n  t u r n : e x h a u s t a d  a l l  t h e  
a i r  on to  t h e  upper  s u r f a c e  of t h e  wing abou t  0,60c behind 
t h e  l e a d i n g  edge. I n  o r d e r  t o  f i n d  t h e  e f f e c t  of e n t r a n c e  
shape  on t h e  c h a r a c t e r i s t i c s ,  two d i f f e r e n t  types  of open- 
i n g s  were t e s t e d .  These d i f f e r e n %  openings  were made i n  
i n s e r t s  which were f a s t e n e d  i n t o  t h e  f r o n t  end of t h e  d u c t s .  
Type A opening ( s e e  f i g s .  5  a ~ d  6) w a s  des igned  t o  
have  t h e  t h s o r e t i c a l  minimum a d v e r s e  e f f e c t .  The f r o n t a l  
a r e a  of t h i s  open ing ,  0.201 s q u a r e  i n c h ,  i s  t h e  same as t h e  
f r e e  c i r c u l a r  a r e a  botween t h c  o u t s i d e  of t h ~  gun b a r r e l  
and t h e  i n s i d e  of t h e  b l a s t  t u b s  ~ c a l e d  down t o  model s i z e .  . 
Thc a r e a  of t h e  e x i t  h o l e  ( s e e  f i g .  7 )  on t h o  upper  s u r f a c e  
of t h e  wing w a s  c q u a l  t o  t b c  sum of t h e  a r c a s  of t h e  t 4 r e e  
e n t r a n c o s .  Type A opening was t a s t e d  w i t h  and w i t h o u t  a i r  
f l o w ,  t h o  e x i t  h o l e  b e i n g  c i o s e d  and f a i r e d  smooth w i t h  t h e  
u p p a r  s u r f a c e  of t h e  wing f o r  t h i s  l a t t e r  c o n d i t i o n .  
! I 
The second e n t r a q c c  t e s t e d ,  t y p e  B ,  shown i n  f i g u r e s  
8 and 9 ,  was mere ly  a  c i r c u l a r  passage., 1 . - inch  i n  d i a m e t e r ,  
l e a d i n g  back t o  a  p o i n t  17/e i n c h e s  a f t  of t h e  l e a d i n g  edge 
where a c i r c u l a r  c o n s t r i c t i o n  was formed. T4e a r e a  of 
t h i s  c o n s t r i c t i o ; n  was 0.201 s q u a r e  incd-, t h e  same as t h e  
e n t r a n c e  a r e a  of , t h ~ . t ; y p e  A opening,.  .Type B opening was 
t e s t e d  on ly  f o r  t h e  c o n d i t i o n  o f . a i r  flow9ng. 
For t h e  b a s i c  c o n d i t i o n  a n d a f 6 r  each of t h e  d i f f e r e n t  
gun i n s t a l l a t i o n s ,  a s e r i e s  of runs  was made. Each s e r i e s  
c o n s i s t e d  of complete l i f t - d r a g  p o l a r s  a t  dynamic p r e s s u r e s  
o f . 2 5  and 50 pounds p e r  s q u a r e  f o o t  and l i f t - d r a g ' m e a s u r e -  
.mzn t s  over  a n  a n g l e - o f - a t t a c k  r,ange from -2O t o  4O at *itax- 
u e s  of dynamic p r e s s u r e  of 2 5 ,  5 0 , .  100, and 150 pounds p e r  . .  s q u a r e  f o o t .  
A l l  d a t a  a r e  p r e s e n t e d  i n  nondimensional  c o e f f i c i e n t  
form c o r r e c t e d  f o r  je t -boundary  i n t e r f e r e n c e  and model 
s u p p o r t  t a r e .  
The symbols used h e r e i n  a r e  d e f i n e d  a s  f o l l o w s :  
a a n g l e  of  a t t a c k  of r o o t  chord  c o r r e c t e d  f o r  j e t -  
boundary i n t e r f e r e n c e  
CL l i f t  c o e f f i c i e n t ,  L/qS 
CD d r a g  c o e f f i c i e n t ,  -D/qS 
S wing a r e a  (42.83 s q  f t )  
q dynamic p r e s s u x c  i n  the  u n d i s t u r b e d  a i r '  s t r eam ( 1 1 2  p V 2 ) ,  pounds p e r  s q u a r e  f o o t  
p a i r  d e n s f t y ,  s l u g s  p e r  c u b i c  f 0 0 f  
V v e l o c i t y  of t h e  a i r ,  f e e t  p e r  second 
c  mean .chord (2.68 f t )  
b  wing span  (16  f t )  
The c o e f f i c i e n t s  of t h e  model i n  t h e  b a s i c  c o n d i t i o n  
a r e  used  a s  t h e  b a s i s  f o r  comparing t h e  d f f e c t s  of v a r i o u s  
gun i n s t a l l a t i o n s .  For  t h i s  c o n d i t i o n  t h e  complete c u r v e s  
of l i f t  and dr'ag a g a i n s t  a n g l e  of a t t a c k  f o r  one v a l u e  of 
' dynamic p r e s s u r e  a r e  g iven  i n  f i g u r e  10; 
The e f f e c t - o n  maximum l ' if t  of t h e  v a r i o d s  gun i n s t a l -  
l a t i o n s ,  as compar'ed -wi th  t h e  bas ' ic  codi t f 'o l i ,  was d e t e r -  # 
mined. From t h e  r e s u l t s  o b t a i n e d ,  i t  a p p e a r s  t h a t  none of 
t h e  a r rangements  a r e  d e t r i m e n t a l  ' t o  t h e  "mdximum l i f t ,  t h e  
v a r i a t i o n s  b e i n g  c l o s e  t o  the*  experirneqta.1 a c c u r a c y  of 
8 .  
measurement.  
The c u r q e s  of v a r i a t i o q  d f  d r a g  c o e f f i c i e n t  w i t h  l i f t  
c o e f f i c i e n t  through'  t h e  l o w - - l i f t  r a n g e  f o r  t h e  d i f f e r e n t  
,' gun ' i n s t a l l a t i d h s  and f o r  t h e  b a s i c  c o n d i t i o n  a r e  g iven  i n  
f i g u r 6 s  11 go 1 5 ,  i n c l u s i v e .  ' The d e v i a t i o n  of t h e  c u r v e s  
f o r  t h e  gun i n s t a l l a t i o n s  from t h a t  of t h e  b a s i c  c o n d i t f o n  
i s  v e r y  s m a l l ,  t h e  g r e a t e s t  d e v i a t i o n  r e s u l t i n g  from t h e  
u s e  of type  B e n t r a n c e .  
i 
, T i g u r e  1 6  g i v e s  ,t,he v a r i a . t i o n  of d r a g  c o e f . f i c i e n t  a t  
- .  . . . . ,  . .  : .  , ( .  
1 
- . c .  . . . .  . .. . . 
CL = 0.1 with Reynolds number for the basic condition 
and each of the gun installations. 
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Figu.m 7*- Close-up sf exi% opening Pop. wing gun duct systen, 
Figure 11.- The variahion of drag coeffi- 
cient with lift coefficient 
for the basic model condition. 
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'igure 10.- The variation of the lift and $' 
drag coefficients with angle v 













Fig.  16 
)-r-l---lrTTi- 
o Basic model cqndi t i o n  
n Prot ruding wing gun ins t a l l a t i . on  
Q Type A wing gun i n s t a l l a t i o n  without a i r f l o w  ,-* It " If II II w i t h  
Test  Reynolds amber ,  R 
Figure 16.- The v a r i a t i o n  of drag  c o e f f i c i e n t  a t  CL = 0.1 
with Reynolds n w b e r  f o r  t h e  bas ic  model condi t ion  
and wi th  var ious  wing gun i n s t a l l a t i o a s .  
